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Introduction
Malawi, a landlocked country in east Africa, has one of the highest HIV prevalences in the world, estimated at 10.6% in 2010. By the end of 2012, UNAIDS estimated that approximately 1,100,100
Malawians were living with HIV [1] . According to Ministry of Health (MoH) HIV/AIDS guidelines, all HIV-infected patients that present with a CD4 count result below 350 cells/µl, as well as all pregnant and lactating women, regardless of their CD4 count, should be initiated on antiretroviral therapy (ART) [2] . Nevertheless, the reality is that many HIV-infected people eligible for ART have not yet been initiated on it. Moreover, among those Malawians ever initiated on ART, a significant proportion have either become lost-tofollow-up or, for a wide variety of reasons, have discontinued their treatment and are no longer receiving HIV-care [1, 3] .
This low uptake of MoH HIV/AIDS guidelines means that many people continue to present at public health facilities with symptoms of severe immunosuppression. There have been difficulties getting an accurate epidemiological picture of the incidence and characteristics of the different opportunistic infections (OIs) among the HIV-infected population in Malawi [4] . Some OIs can be difficult to diagnose, especially in resource-limited settings; in such cases, clinical examination of the eye can assist in diagnosis, since certain OIs can have eye manifestations (e.g. disseminated tuberculosis, toxoplasmosis, and cytomegalovirus) [5, 6] . Early initiation of ART, retention of patients in HIV-care, and training clinicians, including Eye Clinical Officers (ECOs) to diagnose and treat these OIs early can prevent vision loss and other morbidity, plus mortality [5] [6] [7] . mHealth, innovative technological solutions hold the potential to assist in early diagnosis of HIV-related OIs with eye manifestations.
An information and communication technology that is burgeoning in low-income countries is mobile health (mHealth). A broadly accepted standard definition of mHealth is 'medical and public health practice supported by mobile devices, such as mobile phones, patient monitoring devices, personal digital assistants (PDAs), and other wireless devices' [8] . Specific to the context in Malawi, Group Special Mobile Association (GSMA), an association of mobile operators and related companies, has identified the increase in access to mobile network geographic coverage, widespread use of mobile sharing, and increasingly higher deployment of short message services (SMS), unstructured supplementary service data (USSD), and interactive voice response (IVR) services as good opportunities for demand-creation of mHealth [9] . Globally, there is a growing emerging market for Smartphone applications ('apps') to capture, store, compress and transmit images taken by mobile builtin or wirelessly synchronized diagnostic tools. The potential for state-of-the-art, mobile-enabled monitoring and diagnostic tools is vast and includes, for instance, microscopes to identify helminthic eggs [10] , electrocardiogram (ECG) readers [11] , or urine tests for ovarian cancer biomarkers [12] 
Materials
All HIV-infected patients with eye manifestations that presented at the TDH Eye Clinic were offered to be enrolled as study participants.
If consent was given, images of the fundus of both eyes were captured using the camera from an iPhone 4S (TMApple Inc, 
Ethics
All eligible patients were informed of the purpose of the research. four months later. During that period, sixteen HIV-infected patients were recruited as study participants. In the paragraphs below, the main barriers that impeded implementation of mTeleophthalmology beyond its pilot phase are described.
Organizational barriers
The preoccupied by the patients queuing to enter the consultation room.
As per operational research procedures, the ECO was expected to conduct regular ward rounds in the Tuberculosis, HIV and Kaposi Sarcoma Units to recruit potential study participants among the HIVinfected inpatients having eye complaints or whose latest CD4 count was below 100 cells/µl. The workload at the Eye Clinic made it difficult for the ECO to comply with this assigned task.
Other organizational barriers were intrinsic to information management constraints of the health system in Malawi. Capturing real-time, accurate clinical data for patients was a major challenge.
There is no district-wide electronic medical record (EMR); instead, the hospital was using an EMR system since 2013 called Baobab [15] , into which information on HIV-infected patients accessing HIVcare at TDH was being entered. But patients arriving from remote villages did not have a personal record in Baobab. In many cases, either their HIV-related data (VL, CD4 count, and ART regimen) was not documented in their personal paper ART cards, or they had traveled to the Eye Clinic having left their card at home. This lack of personal data complicated the completeness and quality of the ereferrals, and, ultimately, made it more difficult to arrive at a conclusive diagnosis.
Technological barriers
It was the technological barriers that ultimately determined that mTeleophthalmology was not feasible in this setting. In essence, the only devices that the ECO needed were the PanOptic ophthalmoscope, an iPhone 4S and the iExaminer software. Smooth technical implementation was prevented because of several issues:
the first was proprietary licensing, as the 'Pro version' of the iExaminer application, required to print and transmit images via email from the phone, is not freeware and is not available for purchase via iTunes Store in Malawi. Secondly, interoperability was a barrier, since there were perceived to be too many steps to be followed by the ECO in order to transmit the fundoscopic images from the iPhone 4S to a laptop in the Eye Clinic using the Windows operating system and on to Collegium Telemedicus through a GSM modem. Thirdly, market forces made it difficult to find the 4S version of iPhone in stores following the arrival of the 'state-of-theart' iPhone 5 in Malawi. Fourthly, network coverage was a problem around the time of the pilot phase, GPRS and 3G networks were frequently either interrupted or very weak to transmit a set of six jpeg-compressed images in a single try.
Fifthly, and most importantly, though retinal pathology was seen in some images, the majority of e-referrals were left unresolved because the quality of the images captured with the PanOpticiExaminer-iPhone combination was not satisfactory enough as a stand-alone diagnostic tool to allow the remote ophthalmologists to reach a conclusive diagnosis with confidence. Although the patient eyecup on the PanOptic instrument is meant to screen out ambient light, and the glare extinguishment system expected to help prevent interference from unwanted glare and reflections, there were internal reflections or artefact in most images (Figure 1) . Moreover, even if the images were of good quality in the middle, they were blurred in the periphery because of the lens design of the PanOptic (optical aberration) (Figure 2) . These issues can be attributed to the fact that the PanOptic was designed for fundus-to-eye use rather than as a fundus-to-camera interface.
The FOV performance of a fundus imaging system can be determined by measuring the optic disc on the captured images and comparing the measurements to biometric data from literature 
Conclusion
Although human resources and a suboptimal imaging device were major barriers in our attempt to pilot mTeleophthalmology in a rural hospital in Southern Malawi, this innovation should still be considered as a useful approach to build clinicians' capacity on fundoscopic examination, ensure quality and continuity of HIV-care, and prevent permanent vision loss and other morbidity among HIVinfected people in sub-Saharan Africa. HIV-related morbidity could be decreased if early and accurate diagnosis and treatment of opportunistic infections having eye manifestations were possible at the primary care level, by an experienced clinician, and with distance support from an ophthalmologist [6, 7] . Unexpected and non-anticipated barriers, together with proposed solutions, must be an essential element in the design of any telemedicine plan;
however, this may be difficult to achieve due to the dearth of evidence-based literature of similar experiences in sub-Saharan African. Hence, lessons learnt such as the ones we are sharing in this article must be disseminated among the scholarly community to 
